Chondrus crispus Stackhouse (Gigartinales) is a red seaweed found on North 16 Atlantic rocky shores. Electrophoresis of RNA extracts showed a prominent band 17 with a size of around 6,000 bp. Sequencing of the band revealed several sequences 18 with similarity to totiviruses, double-stranded RNA viruses that normally infect 19 fungi. This virus-like entity was named CcV. It should probably be regarded as an 20 extreme viral quasispecies or a mutant swarm since low identity (<65%) was found 21 between sequences. Totiviruses typically code for two genes: one capsid gene (gag) 22 and one RNA-dependent RNA polymerase gene (pol) with a pseudoknot structure 23 2 between the genes. Both the genes and the intergenic structures were found in the 24 CcV sequences. A non-identical gag gene was also found in the nuclear genome of 25 C. crispus, with associated EST and upstream regulatory features. The gene was 26 presumably horizontally transferred from the virus to the alga. Similar dsRNA bands 27 were seen in extracts from different life cycle stages of C. crispus and from all 28 geographical locations tested. In addition, similar bands were also observed in RNA 29 extractions from other red algae; however, the significance of this apparently 30 widespread phenomenon is unknown. No phenotype caused by the infection nor any 31 virus particles, or capsid proteins were identified; thus, the presence of viral particles 32 has not been validated. These findings increase the known host range of totiviruses to 33 include marine red algae.
INTRODUCTION 38
Viruses play a key role in the functioning of marine ecosystems (Fuhrman 1999 , 39 Suttle 2005 , 2007 . Their prevalence and diversity contribute to the control of the 40 abundance, the diversity, and the productivity of many marine organisms and 41 influence global nutrient and energy cycles. For example, it is estimated that viruses (Promega) in a 20 µl total volume, according to the manufacturer specifications. The 169 second step included 2.5 µl of the first 50-fold diluted amplified sample, 2 µM of 170 RP1 and 200 nM internal GSP2, 3 mM MgCl 2 , 0.2 mM dNTP, Go-Taq buffer and 1 171 unit Go-Taq polymerase (Promega). The third step is consisted in the same protocol 172 as the second step, including a 50-fold dilution of the sample and 2 µM of RP1 and 173 200 nM of internal GSP3. 174 The cloning and sequencing effort generated only small sequence fragments in the 175 capsid part and in the polymerase sequence region; in addition, race or tail-PCR 176 never permitted amplification of the intergenic part, which can be described as a 177 complex pseudoknot structured sequence. Because we demonstrated that at least 178 seven different sequences could be cloned, with regard to the partial sequences motif 179 obtained, we decided to try to extend some of the contigs obtained; using specific 180 primers and one-step RT-PCR cross amplification between ends of the capsid part 181 and the RdRp part to test whether extremities were from the same virus fragment or 182 not. We started from 30 ng of CsCl purified dsRNA, denaturated for 4 min at 99 °C, 183 reverse transcribed for 45 min at 45 °C and the PCR cycling parameters were 184 programmed as follows: 4 min at 95 °C, and 32 cycles of 30 sec at 95 °C, 30 sec at 185 54 °C, 3 min at 72 °C in a 2700 ABI thermocycler. Sequencing was performed using 186 capillary electrophoresis on an ABI prism 3100 sequencer (Applied Biosystems, 187 Foster City, CA, USA) with 50-cm capillaries. 196 in addition to rRNA and mRNA (and some DNA contamination), one prominent 197 band with a size of approximately 6,000 bp. This band was not affected by DNAse 198 treatment but disappeared after treatment with RNAse ( Figure 1A) . The bands were 199 much less visible after denaturation of the RNA extract on a denatured gel (Figure 200 1B) than on a native gel. This sensitivity to RNAse indicated that the bands were 201 made of RNA and likely double-stranded since the intensity was greatly diminished 202 on a denatured gel. This is caused by the stronger affinity of the ethidium bromide 203 stain to double-stranded RNA than single-stranded RNA (Sambrook and Russell 204 2006).
205
The probably double-stranded RNA band was purified, reverse transcribed using 206 random priming, and partially sequenced. Several sequences were attained which 207 showed very high sequence diversity and could, thus, not be assembled in a 208 continuous sequence. Several fragments were found to be similar to Considerable efforts were made to try to obtain a full sequence, but each approach, 217 10 including SISPA method, race-or tail PCR, with degenerated, specific, or random 218 PCR primers gave sequences that corresponded to new viral sequences instead of one 219 specific sequence. This indicated a considerable sequence diversity within the CcV.
220
It should be noted that the host strain of C. crispus used was artificially forced 221 through a bottleneck of reduced size to reduce the possibility of the strain being a 222 chimera before the genome sequencing (Collén et al. 2013 ) and thereafter grew 223 vegetatively. The origin of the strain represents milligrams of tissue so that no 224 nuclear sequence diversity was detected during genome sequencing.
225
The high error rate of viral replication with an RNA-dependent RNA polymerase 226 compared to a DNA polymerase generates sequence diversity within viral 227 populations that is higher than in cellular organisms. This causes the formation of 228 quasispecies or mutant swarms (Andino & Domingo 2015) . The CcV seems to be an 229 extreme example of this with very high sequence diversity, represented by the 20-230 65% amino acid identity found between sequences (Table 1) implying sequence diversity rather than size diversity and also that size is conserved 242 11 even though the sequence is not. In addition, the acquired sequences typically coded 243 for open reading frames. The CcV system is therefore a potentially interesting system 244 to study the biology of quasispecies and a model to study viral evolution with 245 previously unknown features.
246
Compared to totiviruses from, for example, X. dendrorhous, Saccharomyces 247 cerevisiae and Tuber aestivum, the major conserved amino acid residues described in (Figure 3 ). This is also true for domains 5 and 6, which have been 250 demonstrated to be essential for viral function (Ribas 1992, Routhier 1998).
251
Together, this strongly indicates that functional dsRNA from a totivirus-like entity is 252 present in C. crispus. 253 The totiviruses belong to the mycoviruses which are widespread in yeasts and Viruses from the totiviridae family are mainly found in fungi and protozoa. Penaeid 265 shrimp infectious myonecrosis virus (IMNV), isolated from the Pacific white shrimp, 266 was the first totivirus described infecting a host other than a fungus or a protozoan 267 (Nibert, 2007) . Another virus, DTV, genetically related to IMNV was found to infect 268 a Drosophila cell line (Wu et al., 2010) . Totiviruses have also been isolated from 269 mosquitoes (Armigeres subalbatus) (Zhai et al., 2010 , Isawa et al., 2011 . The gene was present ( Fig 4B) . RNAseq data showed expression of this gene in C. (Figure 7) . It is to be noted is that all of these sequences are from terrestrial is sometimes reported to be of viral origin and sometimes to be of nuclear origin 363 (Figure 7) , but no clear phylogenetic pattern emerged.
364
Even though the nuclear gag gene was expressed and dsRNA coding for the gag and 365 pol genes were present in C. crispus, inspections of TEM images showed no clearly 366 identifiable virus-like particles (not shown) nor were any attempts to purify viral 367 particles successful. Therefore, we are not presently convinced that viral particles are 368 produced in C. crispus during normal conditions.
369
After finding the CcV in our gametophytic laboratory strain we wanted to know if 370 this was specific for this strain and this life cycle stage. We therefore collected C. Table 2) . The band was also present with 377 similar intensity in C. crispus with visible epiphytes and lesions. This indicates that 378 the presence of dsRNA is wide-spread within C. crispus, at least along the European 379 coast. For the laboratory strain with an origin in Canada, we cannot exclude an 380 "infection" after the arrival of the strain in the laboratory in 1986. 381 We also wanted to verify if the presence of dsRNA was a phenomenon specific for 382 C. crispus or if it was a more general occurrence. We therefore collected samples of 383 other red algae around Roscoff, France (Table 3) 
